SUMMARY
We studied hemagglutinating and adherence properties in Staphylococcus saprophyticus isolates originating from symptomatic urinary tract infections. 12/13 (92%) of strains adhered to Hep cells and 11/13 (85%) were able to agglutinate sheep erythrocytes. Adherence properties differed markedly between strains (P < 0.0001). Two strains, one hemagglutinating and adherent and one negative for both properties were chosen for experimental urinary tract infections. Results indicate that presence of the hemagglutinin favours colonization of kidney tissue.
INTRODUCTION
Staphylococcus saprophyticus has been recognized as a frequent cause of urinary tract infecCorrespondence to: S. Gatermann, Institut ftir Medizinische Mikrobiologie, Medizinische Universit~it zu Liibeck, Ratzeburger Allee 160, 2400 Liibeck 1, F.R.G. tions (UTI) especially in young women [1] . Hemagglutination of sheep erythrocytes and adherence to various cell types were found to be associated with this organism [2] [3] [4] . The structure on the erythrocyte membrane mediating hemagglutination has recently been identified as a disaccharide [5] . Cell adherence may be mediated by certain lipoteichoic acid structures of the bacterial cell wall [6] . These abilities may promote the colonization and persistance during UTI. Since previous studies used a lower number of strains and usually compared adherence to various cell types, we decided to study the frequency and distribution of hemagglutinating and adherence properties in clinical isolates. Kasprowicz et al. [7] noted great variability of adherence properties among S. saprophyticus isolates, but did not further characterize these differences nor tried to assess their possible relationship to pathogenicity. In previously published animal studies, only Mhrdh was able to report a tendency towards increased pathogenicity in hemagglutinating S.
saprophyticus strains when using grivet monkeys [8] . Since it has been shown that UTI in rats may 0920-8534/88/$03.50 © 1988 Federation of European Microbiological Societies be provoked by S. saprophyticus [9] , we used the model of unobstructed ascending pyelonephritis of the rat [10] to assess the contribution of adherence and hemagglutinating properties to uropathogenicity in this model.
MATERIALS AND METHODS

3,1. Strains
S. saprophyticus strains (N = 12) were isolated from voided urine specimens of patients with symptomatic UTI, Presumptive identification was done by testing for novobiocin-resistance and confirmed by a commercially available identification kit (API-Staph, bioMerieux, Ntirtingen, F.R.G.). As a well defined reference strain we included the type strain S. saprophyticus CCM 883. As negative controls we tested other coagulase-negative staphylococci (CNS, tested strains were: S. carnosus TM300, S. cohnii DSM 20260, S. epidermidis ATCC 14990). All reference strains were supplied by F. G~Stz, Technische Universit~it Mtinchen, Munich, F.R.G. For comparison in the animal experiments, an E. coli strain (O : 2, K : 1, H:4), with known uropathogenicity [11] was included.
Hep-cell adherence tests
Adherence tests were done according to Heesemann et al. [12] . Briefly, Hep cells were grown on cover glasses using minimal essential medium with eagle's salts (MEM) and 5% calf serum and incubated with the bacterial suspension for 45 min at 37C. The bacteria had been grown overnight in PY-broth (10 g/1 Bacto Peptone, 5 g/l Bacto Yeast-extract, 5 g/1 NaC1, 1 g/1 NazHPO4, 1 g/1 glucose, pH 7.3) washed with PBS (phosphate buffered saline, 137 mM NaCI, 3 mM KC1, 8 mM Na2HPO4, 1.5 mM KHzPO4) and resuspended in MEM to give a final concentration of 10 9 cfu/ml. The cover slides were then washed thoroughly with PBS, cells were fixed with ice-cold methanol and stained with Giemsa's stain. The slides were examined under a light microscope (magnification 1000 × ) and cell attached bacteria were counted.
Adherence to rat uroepithelial cells
Female albino WISTAR-rats (strain Han: WIST) were sacrified, the bladders were removed and uroepithelial cells were gently scraped from the surface with a scalpel blade and resuspended in PBS. Adherence tests were conducted as described by M~rdh [13] .
Hemagglutination-assay
The hemagglutination procedure was conducted as described by Mhrdh et al. [2] , employing slight modifications. We used overnight cultures washed with PBS and resuspended in PBS at a density of about 10 9 cfu/ml rather than preparing a 10% bacterial suspension. Furthermore we used a 0.5% suspension of sheep erythrocytes. Serial dilutions from 1 : 2 to 1 : 128 were prepared of the bacterial suspension using PBS as diluent (25 t~l final volume) and 25 >1 of the erythrocyte suspension were added. Results could be read after 5 h incubation at room temperature (22 ° C).
Animal experiments
Animal experiments using female albino WISTAR-rats (strain Han :WIST) were conducted as previously described [10] , employing slight modifications. We used bacterial suspensions (3. 109/ml) prepared from overnight broth cultures (PY) incubated at 37°C with constant agitation or from bacterial lawns grown on Mueller-Hinton agar (Oxoid) for 18 h at 37°C. The inoculum was prepared in PBS containing 30 /~g/ml temocillin (Beecham, Neuss, F.R.G.), to avoid overgrowth by Gram-negative bacteria. The staphylococci were not inhibited by concentrations as high as 100 /,g/ml. Rats received 1.5 ml of bacterial suspensions transurethrally. Each group comprised 20 animals.
In preliminary experiments we had not found S. saprophyticus to be amongst the indigenous flora of the animals. Rats were sacrified on the 4th or 7th post-infectious day, kidneys and bladders were removed, ground and bacterial counts were performed on CLED-Agar (Cystin-Lactose-Electrolyte Deficient-Agar) containing temocillin (30 /,g/ml). Results were expressed as log(cfu/g tissue).
For statistical evaluation we used the H-test of Kruskal and Wallis [14] .
RESULTS
Hep cell test
The Hep cell test yielded reproducible results, establishing clearly visible differences in adherence properties of different strains. 12/13 (92%)
S. saprophyticus strains adhered in numbers of 31-158 bacteria/cell (median values) and usually all studied cells were loaded by bacteria ( Table 1 , Fig. 1 ). Four of our clinical isolates showed adherence in high numbers (90-158 bacteria/cell, median values), seven were moderately adherent (31-75 bacteria/cell) and only one strain almost did not attach to the cells (4 bacteria/cell), and only 39% of the cells were loaded with one or more bacteria. Adherence of this strain was simi- Table 1 Adherence and hemagglutinating properties of studied strains (Table   1) . The H-test revealed significant differences between clinical isolates of S. saprophyticus ( P < 0.0001) (Fig. 1) . Strains of other CNS adhered to cells in low numbers only and attached to a smaller proportion of cells (Table 1) .
Staphylococcus sapro-
Hemagglutination
When studying the hemagglutinating properties, we found that 11/13 (85%) strains were able to agglutinate sheep erythrocytes in titres of 1 : 32 to 1:128. There was no obvious correlation between the results of the adherence test and the hemagglutination titre. We found one strain which adhered to Hep cells but was non-hemagglutinating (11635) and one strain which was both nonhemagglutinating and non-adherent (9325). This strain (9325) and a strain which was strongly adherent and hemagglutinating (CCM883) were chosen for further studies in the animal model.
Adherence to rat uroepithelial cells and hemagglutination under both culture conditions
These experiment were designed to characterize the two strains used for experimental infection with respect to adherence to the uroepithelial cells of the animal strain to be employed (WISTAR- 
Conditions for animal experiments
When we compared the ability to colonize the kidney of bacteria grown on solid media with that of strains incubated in broth, we found that both populations of strain 9325 yielded similar renal bacterial counts. The figures obtained with agargrown bacteria were 1.2 times those achieved with liquid grown cultures. In contrast, in strain CCM883 numbers of bacteria/g kidney dropped to one third of the original value when the inocula were harvested from agar surfaces (Table 3 ).
In the previously described ascending unobstructed pyelonephritis of the rat, the animals were sacrified on the seventh post-infectious day [10] . Since bacterial counts were relatively low after this time (when compared with experiments employing E. coli), we also used a 4-day course.
We found that numbers of bacteria/g kidney fell more rapidly in staphylococci than in an 
Preference of colonization
In preliminary studies, we observed that both kidneys and bladders showed macroscopic signs of inflammation (abscesses, thickening of the bladder wall). Therefore, we removed kidneys and bladders Table 5 Comparison of bacterial counts in kidneys and bladders of the two strains. Inocula were prepared form liquid cultures and duration of the experiment was three days. from the animals and calculated the mean bacterial counts/g for both organs. The results (Table 5) show that in strain 9325, bacterial counts in the bladders were > 10 times higher than those in the kidneys. In CCM883, this difference was much less pronounced; bladder counts were only 1.5 times that of the kidneys.
DISCUSSION
It has been shown for E. coli, that hemagglutination and adherence play an important role in the pathogenicity of UTI with this organism [10] . If these factors played a similar role in S. saprophyticus, one would expect them to be frequently associated with strains isolated from UTI.
In an earlier study, Hovelius found a high proportion of hemagglutinating strains in S. saprophyticus isolates. This author also suggested that the hemagglutinin may contribute to virulence of the organism [2] . Our study not only revealed a high frequency of hemagglutinating strains in the isolates tested but also showed that a great number of strains have the ability to adhere to Hep cells, which may also contribute to virulence. The fact that we found a strain which adhered to Hep cells but which did not agglutinate sheep erythrocytes supports the findings of Teti et al. [6] , that the adhesin and the hemagglutinin are different structures. Moreover, significant differences between the adherence properties of the strains tested either indicate a varying amount of one adhesin on the surface of the bacteria or may be due to different expressions of more than one adhesin. Studies of Teti et al. [6] have already suggested the existence of more than one adhesin.
When compared with other published data on adherence properties, studied with other cells (exfoliated uroepithelial cells 3; Hela, Veto, MDCK, 4), the Hep cell test yielded numbers of bacteria per cell similar to those observed with exfoliated uroepithelial cells [3] . However, Hep cells were loaded by many more bacteria than has been described for other cell lines [4] , thereby establishing clear-cut differences between adherent and non-adherent strains (31-158 bacteria/cell vs. 1-4 bacteria/cell, median values, Table 1 ). We therefore feel that the Hep cell test, which has already demonstrated its value in adherence studies with Yersinia enterocolitica [12] is also appropriate for studies using staphylococci.
Culture conditions (liquid or solid media) influenced the expression of the hemagglutinin in the hemagglutinin-positive strain CCM883. In accordance with the literature [2] , agar-grown bacteria did not cause detectable hemagglutination. Adherence properties of both strains to raturoepithelial cells were not decreased in agargrown bacteria. We therefore suggest that the decrease in renal bacterial counts observed when CCM883 was grown under conditions hindering expression of the hemagglutinin may be due to the lower amount of this protein present. The fact that virulence of non-hemagglutinating strain 9325 was not dependent on growth conditions supports this hypothesis. A similar situation exists in E. coli, since expression of type 1 pili, which is dependent on growth conditions, also influences colonization of kidney or bladder in mice [15] . Our experiments further suggest that animal studies on the hemagglutinin of S. saprophyticus should use liquid grown bacteria.
The clinical course of S. saprophyticus UTI is often self limited and of short duration [16] . Our experiments comparing renal bacterial counts on day 4 and day 7 may reflect this clinical picture, since these counts were relatively low after a week, when compared with an uropathogenic strain of E. coli. The lower pathogenicity of S. saprophyticus is also reflected by the fact that bacterial counts of this organism were generally one log-step below those of E. coli. However, a large proportion of kidneys was found to be colonized after four (89-97%) and even after seven days (61-66%).
In the previously described model of Hjelm et al. [9] , only 40% of the kidneys were colonized after seven days. This reflects either differences in the susceptibility to infection of the rat strains used, or different colonization capacities of the S. saprophyticus isolates, since the remaining experimental conditions were comparable. Besides the differences in virulence depending on the expression of the hemagglutinin, our study showed that both strains differed in their prefer-ential sites of colonization. Bladders of rats infected with the hemagglutinin-negative strain 9325 yielded much higher bacterial counts than the kidneys, while this difference was much less distinct in CCM883 (hemagglutination positive). This suggests that presence of the hemagglutinin favours renal colonization by CCM883, which is further stressed by our experiments comparing bacteria grown on solid and liquid media. The fact that the hemagglutination-negative strain 9325 also colonized the urinary tract in high numbers per gram suggests the presence of other hitherto unknown virulence factors in this strain. Considering the decrease of virulence when the hemagglutinin is not expressed and the frequency of hemagglutination and adherence properties in clinical isolates as well as the fact that as many as 50% of patients with UTI caused by S. saprophyticus develop signs of involvement of the upper urinary tract [17] , it may be suggested that hemagglutinating properties play a role in uropathogenicity of S.
saprophyticus. In experiments using one hemagglutinating S. saprophyticus strain, Hjelm et al. [9] noted inflammatory changes in the kidneys of some rats, while their bladders remained unaffected. The authors therefore concluded that their strain colonized tissue of the renal pelvis more easily than that of the bladder. Since in these experiments as well as in the literature cited [7, 8] , unrelated strains of S. saprophyticus were compared, which may differ in more than the factors under investigation, studies using genetically manipulated isogenic strains may further elucidate the phenomenon of 'virulence' by appraising the contribution of possible virulence properties of S.
saprophyticus to pathogenicity.
